an you imagine a steam-driven computer the size of a room? Laughable? Far from it. A computer can 
be implemented using all sorts of technology: electromechanical (relays), valves, transistors and, most 
recently of all, integrated circuits. The idea of a computer is independent of the hardware used to 
implement it, and a purely mechanical computer is just as feasible as a purely electronic one. It may 
never have been built, but Charles Babbage’s idea was a computer nonetheless — designed in metal 
and intended to be driven by a steam engine. Was Babbage just another Victorian eccentric? No — he was 
the father of computing and a surprisingly modern thinker. 
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Mike James 
goes from 
silicon to steam 
in his profile of 
the father of 
computing, 
Charles 
Babbage 


abbage was born in Surrey 

on Boxing Day 1791, the 

son of a banker. This may 

have been the source of his 

fascination with numbers; 
whatever the reason, he occupied 
the Lucasian chair of mathemat- 
ics at Cambridge from 1828 to 
1839. Butto characterise Babbage 
as amathematician would be mis- 
leading — with his wide-ranging 
interests, he would be much bet- 
ter described as a polymath. 

In Babbage’s day, mathemat- 
ics was capable ofdelivering more 
in theory than it couldin practice, 
simply because of the difficulties 
in performing the huge amounts 
of arithmetic needed to calculate 
the important numerical prob- 
lems of the time — tide prediction, 
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navigation and life insurance risks, 
to name but three. Although it’s 
now cheaper, simpler and more re- 
liable to calculate a result from 
scratch every time it’s needed, math- 
ematical tables ofall sorts were com- 
monplace even a few decades ago. 
And the only way to produce them 
was laborious and prone to human 
error. Sir John Herschel, the as- 
tronomer, said that “an undetected 
error in a logarithmic table is like a 
sunken rock at sea” — a dramatic 
simile, but nonetheless an accurate 
one. 

The solution to the problem was 
to create some kind of calculating 
aid, but before the development of 
electrical science this was easier 


said than done. There had been ~ 


mechanical calculating devices be- 


fore Babbage, perhaps the best 
known being the Pascaline, an ar- 
rangement of cogs and gears in- 
vented by Pascal in 1642. These 
machines may not have been pow- 
erful or reliable, but they did show 
that it was possible to add and sub- 
tract using mechanical gear wheels 
to count up or down. (And we all 
know that multiplication is just re- 
peated addition, and division is just 
repeated subtraction.) Babbage 
didn’t just make a better mechani- 
cal calculator, however — he built a 
machine that would perform a spe- 
cific type of calculation. 


Setting the table 

The task of producing almost any 
mathematical table can be reduced 
to evaluating a suitable polynomial. 
A polynomial is an expression in- 
volving nothing but squares and 
cubes of a value and so on. For 
example, 5*X4+2*X°+6*X24+10*X+55 
isafourth-order polynomial because 
the highest power it involves is X‘. 
By selecting the order and coeffi- 
cients correctly, you can make a 
polynomial fit most other functions 
reasonably well. This means you 
can create a table by finding a poly- 
nomial that fits the function you’re 
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interested in and then tabulating 
the polynomial. The only problem 
is that the polynomial involves lots 
of multiplications and additions, and 
isn’t the sort of thing that you want 
to spend your life tabulating. 

This is where an interesting 
mathematical property of polyno- 
mials becomes important. For 
example, consider the simple 
polynomial X* (X cubed). If you 
make a table of this function from 1 
ton and take the difference between 
each successive result, thisis called 
the ‘first difference’. Taking the 
difference between successive 
values in the first difference column 
gives the second difference, and so 
on. If you actually construct a 
difference table for X°, you will see 
something like the table overleaf. 
Notice that the result of the third 
difference isaconstant, so the fourth 
and subsequent differences would 
be zero. This isn’t an accident. If 
you take differences ofan nth order 
polynomial, the mth and all 
subsequent differences vanish. 

Aninteresting property, buthow 
can it be useful? Well, suppose Inow 
ask you to work out 6° — unaided by 
machine! You could start multiply- 
ing 6, but you already know the next 


PROFILE 


value in the third difference column 
of the table below — 6 — and adding 
6 to 24 gives the next value in the 
second difference column, 30. Add- 
ing 30 to 61 gives the next value in 
the first difference column — 91 - 
and adding this to the result of 5* 
gives the solution, 216. So you man- 
aged to work out the result of 6 
cubed by making three additions! 
The whole method generalises 
to any polynomial of any degree. All 
you need are the first 2 results in 
the table, from which you can work 
out the -1 differences. Once you 
have these, calculating the next and 
subsequent values in the table is 
just a matter of 7 regular additions. 
You should be able to see that 
this procedure is ideal for use by a 
machine, andit’salso incredibly well 
suited to a mechanical implementa- 
tion. All you have to do is build an 
adding mechanism and repeat it for 
each of the difference sums you 
need. At the start of the calculation, 
you would set the number wheels to 
the values of the differences; you 
could then simply turn the handle 
to get the next result and the next 
set of differences. An entire table 
could be produced simply by turn- 
ing the handle repeatedly. 


Spot the difference 

The Difference Engine that 
Babbage designed wasjust this sort 
of machine. In 1822, he built a small 
demonstration model — Difference 
Engine 0 - and on the strength of 
this was awarded the money to de- 
sign and build Difference Engine 
Nol. He attempted to do this with 
the help of Joseph Clement, askilled 
toolmaker and draughtsman, but to 
be successful he had to push the 
precision of the metalworking of 
the time to its limits. Babbage was a 
good mechanical engineer in his 
own right. He used a lathe, built 
many test pieces on his own, and 
studied the manufacturing methods 
available to see if any could be used 
to mass-produce the accurate parts 
he needed. He invented a mechani- 
cal design language for the trains of 
gears and linkages that hismachines 
needed, and this enabled him to 
refine his designs to eliminate re- 
dundancies and reduce moving 
parts. This isn’t far removed from 
the software and hardware engi- 
neering principles used today. 

The mechanical design of an 
adder is far from trivial. To make 
something that works reliably, 
where friction and backlash (loose- 
ness) in the gears don’t destroy its 
accuracy, isvery difficult. Babbage’s 
mechanical designs were elegantin 
the extreme. To give you some idea 


of how advanced they were, he even 
included a printing mechanism 
which would produce printing plates 
by making impressions in papier- 
miaché sheets — the first ‘gooey’ in- 
terface? 

The Difference Engine Nol 
would have measured 8x7x3' (hwd) 
and weighed tons. Itwas never com- 
pleted for reasons that seem almost 
ridiculous from today’s perspective 
— an argument over compensation 
to Joseph Clement due for moving 
his workshop nearer to Babbage 
stopped the project in 1833. In any 
case, 10 years was probably too long 
to sustain such a project without 
results, and Babbage was already 
thinking other thoughts. A portion 
(about one-seventh) of the Differ- 
ence Engine Nol was put together 
in 1833, and this at least demon- 
strated the feasibility of completing 
the whole machine. 


Under analysis 
The Difference Engine was half a 
step towards a computer, because it 
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implemented a simple algorithm 
rather than just providing the four 
functions of arithmetic that a hu- 
man could then use within a calcula- 
tion. It was, in our terms, a hard- 
wired computer. Babbage then 
made the leap of imagination neces- 
sary to see that this could be gener- 
alised as a programmable device. 
Even before the Difference Engine 
Nol project was completely aban- 
doned, Babbage had made progress 
on the design of his Analytical En- 
gine. 

This really was a computer in 
the modern sense. It had a store 
that could hold between 100 and 
1,000 values — depending on the 
memory expansion fitted — each 
containing up to 40 digits! This may 
sound well over the top for a me- 
chanical machine, butwhenitcomes 
to memory, using mechanics is 
easier than using valves. Each value 
is stored asa stack of figure wheels, 
which have the virtue of not burn- 
ing out like valves. The store is 
connected to an adder by way of 


connecting rods and gears, and the 
value is transferred from the store 
to the adder. It is then operated on 
and returned to the store. 

The Analytical Engine was en- 
tirely controlled by the use of 
punched cards, the holes in the 
cards either allowing the rods 
through or blocking their passage. 
One set ofcards controlled the arith- 
metic operation to be performed, 
while another set controlled where 
the values were to be retrieved from 
and the results returning to the 
store. The cards were to be pre- 
sented to the machine in pairs, thus 
founding the tradition of the 
operator+address type of assembly 
language still used in modern day 
computers. 

The Analytical Engine had a 
printer as an output device and, had 
it been built, it’s entirely possible 
that computer science would have 
started before 1900! It was certainly 
exposure to the ideas of the Analyti- 


* cal Engine that allowed Ada, Coun- 


tess of Lovelace, to claim the title of 
‘firstprogrammer’ (see The Compu- 
ter Creators, issue 52). 


Letting off steam 

The planned machine was so large 
it would have needed a steam en- 
gine to turn the handle, hence the 
vision of the ‘steam mainframe’ at 
the start of this article. Of course, 
this machine was never built. How- 
ever, asmall portion was completed 
in 1871, just before Babbage’s death, 
and another by his son in 1910, and 
these were enough to demonstrate 
the principles. 

This short introduction to 
Babbage can’t possibly do justice to 
his wide-ranging interests. Follow- 
ing the Analytical Engine and the 
Difference Engine Nol, he designed 
the Difference Engine No2. Again, 
this wasn’t built in his lifetime, but 
you can see one built from his origi- 
nal drawings at the Science Mu- 
seum in London. This was con- 
structed to celebrate the Babbage 
bicentenary in 1991. It’s a shame 
they didn’t build the Analytical En- 
gine (!), but it is a fine example of 
Babbage’s design skills and is well 
worth looking at. 

Babbage was disappointed at 
his failure to build a working ma- 
chine —with more support he might 
have succeeded —and he must have 
felt bitter when the Swedish engi- 
neers Georg and Edvard Scheutz 
produceda production model based 
on the Difference Engine. 
Babbage’s curse was that he was 
born to soon — before the technol- 
ogy was developed to make hisideas 
a reality. 


